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The superiority of iron over
wood as the material for
bridges is now generally understood
that we see no need
of any discussion.
The rapid decay and consequent
unreliability of wood added
to its combustibility are very
grave objections; nevertheless
there are some very strong
advocates for wood.
On railways especially, the
danger of fire is constantly
eminent and even the utmost
watchfulness and caution is
frequently unavailing to prevent
destruction from this cause.
In such cases the Railroad
company not only loses the
structure but the traffic is
often stoped or greatly impeded
for a time.
These considerations and other
similar ones have so far operated
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on the public mind or those
controlling the important interests
of the Railways that it is no
longer necessary to argue the expediency
and policy of adopting
Iron for these purposes.
It may be stated as a general
fact, that at this day, very few
if any of the larger and more
important Railway lines are
renewing their structures in
wood.
The question has been fully discussed
and the general and permanent
conclusion reached has been
that even at the extra cost, iron
is by far the most economical.
When iron was first proposed
to be used in the construction
of bridges, objections were brought
against it on the grounds
of the effect of the change of
temperature upon the metal.
The failure of an iron bridge
at Staines, England imputed to
this fact cause and like objections
were made against other structures
about to be erected in England.
To put the matter to a close,

a series of very careful experiments
were made, and from these experiments
it was found that the
change in form and increase
of Pressure against the abutments
from a change in temperature
was not apparent.
There has been some attempts
to combine iron and wood and
form a Combination bridge
but they have not proven to be
very much of a success, and
what few of them that have been
erected are being torn down and
iron ones substituted for them.
Among the earliest and most
notorious of the "Iron Trussed
Bridges" is the "Whipple Trapezoidal
Truss". This Truss consists of
an upper and lower chord
held together by struts and ties.
The upper chord is one bay
shorter at each end than the
lower chord and consequently
the end struts are inclined
making the general outline of the
truss that of a Trapezoid.
The upper chord is made
of cast-iron made in sections

1

'vt/

jflli

the length of which is the length
of one bay.
The lower chord is composed
of a succession of links or
Eye Bars, which receive cast-iron
blocks at their end. These blocks
These blocks form steps for securing
to vertical posts of struts.
The Tie rods extend diagonally
from one chord to the other
and span the distance of
two bays.
When the lower chord is formed
of links of iron, these links
pass oven the cast-iron blocks
at the end of the vertical posts
or struts.
This chord at the present
day is (however) most always
made of the Eye bar form.
The proper form and dimensions
of the Eye bar has been
the subject of considerable experimenting
and no exact rule
has, as yet, been adopted, though
in all cases the total section
of the material through the
Eye should be greater than that
through the bar
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and the section of the span should
also be greater than the bar.
There is at present an almost
innumerable number of forms
of Trusses for iron bridges in
fact each bridge will differ from
almost any other, never the less
I will give one of the most
common forms of Iron Trussed
bridge. The one I shall describe
is the one most commonly known
3C' f I^>q
Posts Iron Truss
The main peculiarity of
this truss is in the form.
The struts are all inclined
toward the center of the
span and reach a distance
of one half bay. Consequently
all the struts in each half
of the span are all parallel.
Figure 1 plate A Represents
a side view of the panels of
Posts Iron Truss.
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are struts
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Bottom chord
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lower horizontal diagonal ties
Upper
Figure 2 Plate A shows the beam
of roadway
GG are brace rods
DD are cross ties in floor beams
EE Bottom Chord
Figure (3) is plans of top of bridge
showing
II as top chord
HH cross ties or struts
G' upper horizontal ties
Figure (4) represents a view o
(the) a Joint-- at the lower chord
F is a cast iron block for
receiving the end of the
horizontal cross tie rod.
K is an iron bolt which
passes through the end of
the links or Eye bars which
form the lower chord.
The other letters are the same
as those in Figs. 1, 2, & 3.
The struts (Fig 4) are composed
of two rolled iron channel bars.
B.
B. Fig. 1 are main ties generally
made of flat bar iron with
forged heads.
C. C. Fig. 1 are the counter
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ties made of round iron.
The bottom chords (E.E., Fig. 1)
are now generally made of
Eye bans with forged heads.
(I.I., Fig. 1) is the top chord which
is generally made of wroughtiron in the form of channel
bars and are made the length
of one bay and their ends
square by machining to insure
true bearings.
There are many forms of trusses
but as time and space will not
permit an explanation we will now give some
of the more common forms
of estimating the given strain
on the truss.
The load to be carried by
a bridge used for railway or
highway purposes may be properly
divided into parts Viz:
The weight of the structure itself,
floor and other permanent
attachments and second
The weight of the moving load.
The first is constant while
the last is variable.
In making estimations for the
strength of any bridge, the

weight of the moving load should of course be
at a maximum, for a freight
track bridge this is estimated at
or assumed at from one to one and
one half tons per (square) lineal
foot of course depending on the
amount of traffic.
For highways or wagon bridges
it is assumed at from eightyto one-hundred-and-fifty pounds
per square foot of flooring.
The permanent and moving load
being assumed we thus the commence
a careful calculation of all
the strains on each and every
piece or part of the structure.
The general formulas or equation
for the breaking w e ig h tapplied at the centre of a beam
of any material & of any cross
section is

B .W .=

/M (1 + 9 ' ) where
45

S = span in inches
M = moment of resistance
f = ultimate- strength of material
pr square inch
— Q x thickness o f web portion o f cross
Width o f fla n g e portion
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Q = 1.25 for cast-iron
Q = 0.56 “ wrought iron
where the value of (f M) for the
tension parts is less than those
for compression. The beam will
fall by tension and "vice versa".
In average cases the value
of f may be taken, for
wrought iron (2 1) for tensile and
(2 1) for compression.
For

Tensile
Cast Iron

Compression

7.

36

Now to find the Breaking
weight in terms of the length
and depth we only have to
substitute the value of f and
Q' Just mentioned and we
obtain
S e c. o f B a r
R e c ta n g u la r

R ound

C a s t Iro n

7 d2
BW'~ 8 ~
9 d3
B‘ W ~ 16 T

W ro u g h t 1

S te e l

3d2
B. W. — 1 4- —L
d3

" =

9' 16t ]

=
=

d2

365T

d2

26 3 /4 —

In which
d = depth of Rectangular bar or
diameter of round one
L = length of span in feet
These are some of the many
formulas for the breaking strain
of bar Iron in which the weight
is applied at the centre and as

as all others are directly
deduced from these I shall
not take the space here to
show their deduction.
Continuous Girders
The determination of the
exact mathematical value
of the maximum strain
recurring in Continuous Girders
of three or more spans presents
a problem of almost hopeless
intricacy -- the best mathematician
would have to devote
probably months for the calculation
of a very ordinary
bridge and the results often
all would not be more
reliable in practice than
those obtained by comparatively
simple modes -- this is due
to the varigated elasticity of
different -- of even the same
bar of iron.
Any General formulae for
the weight of Girders must
necessarily be complicated
because not only does the
weight of the Girder itself
compose a part of the load

T

but the percentage of useless metal
on account of the requirem ents
of m anufacture varies considerably
with the intensity of the foot-race.
Consequently the w eight of differently
loaded girder of a given
span is by no means constant.
For showing this point we
have copied a set of tables from
of w eight of G irder of different
span and foot which will
be found on next page.
Now by reffering to this table
it will be seen that three
tim es the am ount of metal
is required to carry one half ton per
foot run will carry (8) eight
tons per foot over a given span.
This discrepancy continues “says
Baker” up till the load reaches
about 80 cwt per foot run
and from thence it may
be assumed as a constant
increase.
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Strains on Trusses
The laws of strains upon
the chords may be illustrated
by assuming that the strains are
continuous functions of the
abscissa
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Thus
w = Load per foot of length
W = total load on bridge
H = strain on the chord
at any point
D = depth of truss
x = distance to point of applicaction
of weight on
top chord

Now taking the origin of moment of
at the point directly under
(x) and we will have
^ Wx- ^ wx2 = ho or deducing
M/cMMt^vt^p
k/

)^uO^J

for the value of H we have
Wx —w x2
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and by an examination
we find this to be a parabola.
But to make a more
complete demonstration and
one as simple we will pass
to the

Lattice Truss
The Girders which consist
of all upper and lower chords
held together by diagonal
braces which make equal
angles with the upper and
lower chord, may be regarded
as an articulated system
in which the points of
articulation are the points when
these diagonals touch the upper
and lower beams.
Let Fig 1. represent an outline
of Girders in question.
Now the Girders
Fig. 1
may be strained either by a
single force acting at any
point perpendicular to A' O' or AO
or by equal forces acting at
the points of articulation
which would result from an
uniform load along the beam
(AO).
Supposing the girder to rest
on horizontal supports at its
extremities and Let HW = the
weight applied at the centre

1

of the Girder, and a = the
angle between the vertical through
"A" and the inclined lines
that is the angle A'AW = a
Then it is evident that each
support will sustain a weight
of "w" which will cause a
strain in the direction of "AA",
"AB'" connected at "A".
To find the direction and
amount of these forces let a
length equal to "w" be set
off on the vertical through
"A" as to resultant pressure
and construct the parallelogram
of forces on it
having its components in
the direction of "A'A", "AB", and
we find the one in the direction
of "A'A" = —
. The other will be
cos(a)

found equal to "w*tan a" which
by examination we will see
that "A'A" is subjected to
compression strain and
"AB" to a tensile strain.
Now the force "———" is
cos

a

transmitted to the point (A') where
it is counter balanced by
the segments A'B, A'B'.

mm

M

Prolonging "A7A'7 beyond (A)
and setting off from A7on
this prolongation " w * as a
cos(a)
resultant and constructing
on it the parallelogram of
forces in the disection of "B'A',
A'B" we find the component
in the direction of "A'B" to
b= " —^ —" and that in A'B" = "2wtan(a)
cosya)

and as before by an examination
we find " ———” will cause
cosya)

an extension on "2wtan(a)" will
be a tensile strain.
w
n
Again the force 7 ^ 7 is
transmitted on to the point
("B") where it is resolved into
two components, one in the
direction of "BB"", the other
in the disection of "BC"
and as before these components
will respectively equal
to " — " and "2wtan(a)" and
„

°^ L _

cosya)

the same will be obtained
for all points of articulation.
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Now from the above it seems
that each brace bears a strain
W
due to the component"
cos(a)

The one "H'A" and the one paralle
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to it will bear a compressive
strain and the others
will sustain a tensile
strain.
Now at the points A, B, C, &c
there is a compressional strain
of the segments to the right,
equal to "2wtan(a)" from the
braces acting separately, but
as these pressures collectively
accumulate from A by the
force "2wtan(a)" at B',I',D' & C,
it is evident that th e ____
____ on the successive segments
will be for
A'B' = 2 w tan a
B'C' = 4 w tan a
CD' = 6 w tan a
D'E' = 8 w tan a, etc., etc.
and on the lower chord
the tension will be
for:
AB = wtan a
BC = 3 tan a w
CD= 5 tan a w
DE= 7 tan a w
EF = 9 tan a w, etc., etc.

If, therefore, “gw” were to
act at any other point

than the centre it would be
simply necessary to find by
the Theorem of Parallelogram
of forces the component at
the point of support, and
from these components, regarded
as the reaction of these
points, the strains just
explained.

